Seedling growth is a precondition for conservation and sustainable use of genetic resources which depends upon understanding of breeding system, genetic inconsistency, and evolutionary forces in forest tree improvement. The aim of this study was to determine variation in seedling growth and age-age correlations of Tamarindus indica at population level in Bangladesh. The study revealed significant ( < 0.05) differences of seasonal variation in seedling growth. Height and collar diameter growth showed significant ( < 0.05) positive correlation with mean monthly rainfall. The study also revealed significant difference ( < 0.05) of seedling growth among T. indica population. PCA illustrated rainfall, height growth, and diameter growth as the main characters in this study which defined drought as an additive character for this species. Cluster analysis of similarity showed how seedlings from 22.67 ∘ N latitude (origin) separated from others. An increasing trend of age-age correlation was identified in both cases of shoot height and diameter growth. The study concluded that seed collection for either ex situ conservation or seedling production can be done from 22.67 ∘ N latitude as seedlings from that area performed better than others, and early clonal selection of T. indica can be done at the age of 9 months.
Introduction
Tamarindus indica (Linn), a multipurpose, leguminous, tropical evergreen fruit tree species of Caesalpiniaceae subfamily, is indigenous to Africa (Madagascar, Zimbabwe, Chad, Sudan, Nigeria, Uganda, and Kenya) and Southern Asia which plays an important role in ecological and economic services [1] [2] [3] [4] . Domestication of this species in south-east Asian countries like India, Sri Lanka, Nepal, Pakistan, and Bangladesh is very advanced [3] [4] [5] and it is also practiced in Australia, Brazil, Mexico, Philippines, America, and Jamaica [1] . T. indica is found in semiarid areas of tropics up to 1500 m above sea level where annual rainfall is more than 1500 mm and can grow well on poor soil especially in degraded areas [4, 6] . The most important product of T. indica is the pulp of the fruit, and this species is well accepted for its soft, juicy, appetizing, tasty, delicious fruit because of its brown, sticky, sour-sweet pulp generally used as an ingredient in curries, chutneys, preserves, pickles, sherbets, and beverages in a variety of dishes and drinks in household as well as in confectionery [1, 3, 4, 7] . The fruits of this species contain high levels of protein, carbohydrate, minerals (potassium, phosphorus, and calcium), and iron with low amount of water content [8] . Tamarind is also documented as a fodder species. The seeds and the leaves can be used for the nourishment of household animal [9] . The leaves, bark, seed, and roots of tamarind are also documented as a source of allelopathic substance for the weed crops [10] [11] [12] . The roots of tamarind have allele-chemical capability and, thus, contribute significantly to a weed free environment around the tamarind tree [11] . By the application of powder of leaves, barks, and seeds of this species to the agricultural field, farmer can reduce nutrient and water competition to the plants [10, 12] . Medicinal value of tamarind is also found to reduce fever and to cure intestinal ailments. It is used as a popular ingredient of cardiac and blood sugar reducing medicines. Antioxidant, anti-inflammatory, antimicrobial, anti-snake venom properties, and antifungal activity have 2 Journal of Ecosystems been documented in many research reports [13] [14] [15] . It is also useful against scurvy. T. indica andcan play an important role in mitigating the fuel wood crisis of Bangladesh as it has high calorific value. It also plays roles in erosion control through cultivating in degraded land [4] . Home gardeners and tree planters have already planted this species in different localities of Bangladesh and have proved as a successful tree species because of its growth and specially its ability to thrive in poor soil. As an attractive, valuable, and useful tree, this species can be considered for massive plantation because of potential nitrogen fixation ability, tolerance to infertile, acid, alkaline, saline, or seasonally waterlogged soil [1] . Farmer's choice should be given preference in selecting species for tree cultivation [4, 16, 17] . T. indica is commonly and comprehensively cultivated in public and private plantation programs in Bangladesh [18] . It is very much imperative to introduce this species all over the country particularly in homestead and in fallow lands as we have severe scarcity of timber and fuel wood in Bangladesh. T. indica can be an alternative to meet the requirements of fuel wood, poles, and timber [4, 17] .
Understanding of breeding system, genetic inconsistency, and evolutionary forces are the preconditions for any tree improvement program [19] . Conservation and sustainable use of genetic resources depend upon such information. Genetic variation among population is expected due to environmental variation of natural range of the species [20, 21] . Provenance trial of native species is desirable to screen the genetic and environmental components of phenotypic inconsistency among trees from different seedlings origins for utmost productivity in production forestry [19, [21] [22] [23] . Several studies explained the correlations of seed germination and seedling growth variables with origins of the plants in many tropical tree species [17, 19] . Growth analysis showed significant variation in height and diameter growth in various tropical species [24] [25] [26] . Genetic variation in height and diameter growth among T. indica populations are expected, since environmental factors may vary extensively within natural range of the species. The genetic variation among population can, consequently, be recognized by provenance research and exploited through selection of superior population for seed collection and mass propagation for conservation [21] . Seed source variation and presowing treatment effect can influence seed germination of T. indica [4] but their effect on seedling growth is still unknown. Seasonal variation can also influence seedlings growth between species [27] . There are very few documents available on seed germination of Tamarindus indica [4, 13] . Until now, no information is available on seedling growth due to variation of seedling origins, presowing treatment effect, and seasonal effect which make optimum scheduling of nursery operations difficult. Therefore, an attempt has been made to carry out the study. We hypothesize that seedling growth may vary throughout the study period due to seasonal variation. We also hypothesize that height and diameter growth varies among T. indica population due to genetic variation. The objectives of the study are (i) to examine the monthly seedling growth; (ii) to determine seedling growth variation among T. indica population at the nursery stages; and (iii) to establish age-age correlation for early selection procedure for conservation and sustainable use of genetic resources which will help in tree improvement programme.
Materials and Methods

Study
Area. An experiment of seedling growth of tamarind was conducted in the forest nursery of Forestry and Wood Technology Discipline, Khulna University, Bangladesh. The study area is situated in the south-western part of Bangladesh near the Sundarbans, the largest continuous mangrove forest in the world. The location of the study area is 22.802 ∘ N and 89.533 ∘ E and it is about 4 m above the sea level.The climate of the locality is recognized as subtropical in nature, especially winter (NovemberFebruary), summer (March-mid June), and monsoon (late June-September) are the distinguishing seasons, almost similar to the other regions of the country. The temperature fluctuation in winter is very low between 7 and 12 ∘ C and it rises from 25 ∘ C to 32 ∘ C in summer except that very seldom it might be increased up to 40 ∘ C. Figure 1 describes mean monthly temperature and rainfall throughout the experiment in the study site. Satkhira, Khulna, and Bagerhat, the seedlings' origins (seed source locations) occupy an extensive area of tidal floodplain agroecological zone. A considerable portion of Satkhira district represents acid sulphate soil. Soil pH of this area is strongly acidic ranging from 2.9 to 4.0, whereas the general soil types of Khulna and Bagerhat districts are noncalcarious grey floodplain soil and calcarious dark grey floodplain soils. Soil pH of Bagerhat is mostly acidic to neutral having a range of 5.5-7.3, whereas soil pH of Khulna is almost similar with Bagerhat but a considerable portion falls under moderately alkaline ranging from 7.3 to 8.4. The seed source location Rajshahi belongs to an old alluvial formation, which is usually composed of massive argillaceous beds of pale reddish brown; the soil is deficient in lime, nitrogen, and phosphorous. Soil pH varies from 6 to 6.5. On the other hand, seed source location Jessore belongs to riverline lands of Gangetic plains. The soils are rich and are characterized by high lime content. The soil pH varies from 7 to 8.4.
Plant Materials and Design of the Experiment.
Prior to the start of the study of seedling growth of T. indica, an experiment of seed source variation and presowing treatment effect on seed germination was carried out [4] . The seeds were collected from different locations (Satkhira, Rajshahi, Norail, Khulna, and Bagerhat) of Bangladesh (Table 1) and treated with four presowing treatments, that is, treatment (1) control, treatment (2) immersion in cold water (4 ∘ C) for 24 h, treatment (3) immersion in hot water (80 ∘ C) for 10 min, and treatment (4) scarification with sand paper [4] . One seed was sown in each poly bag (10 cm × 15 cm). The medium of the poly-bags was mixture of topsoil and cow dung in the ratio of 3 : 1. Poly bags were kept in shade throughout the experiment. The seeds were sown at a depth of 0.5-1.5 cm and watering was done manually once a day. Randomized block design (RBD) with three replications was used for the experiment. A number of 300 (5 × 3 × 20) poly bags were used for each treatment of five different seed sources. Therefore, the total numbers of poly bags were 1200 (4 × 5 × 3 × 20) used for seed germination.
Measurements.
At the end of seed germination, seedling growth performances (collar diameter and shoot height of the plant) were measured for twelve months. Collar diameter of the plant was measured using electronic digital caliper in mm (150 mm, accuracy ±0.02 mm, LR44, 2006/66/EC). Height of the plant was measured using centimeter scale (in cm).
Data Analysis.
General linear model (GLM) procedure of STATISTICA software (version 10) was employed for analysis of variance (ANOVA). ANOVA for monthly growth variation on collar diameter and height was based on the following fixed effect model:
where is seedling growth (collar diameter and height) of th replication of the th months, is the overall mean, the effect due to th month ( = 1, 2, 3, . . . , 12), and is the error. For variation of seedling origins (seed sources) and presowing treatment effect on seedling growth (collar diameter and height), two-way ANOVA was performed based on the linear model expressed as
where is seedling growth of th replication of the th location (seedling source, = 1, 2, . . . , 5) and th treatment ( = 1, 2, . . . , 4), is the overall mean, ( ) the interaction effect of seed source and presowing treatment, and is the error. The means monthly growth variation, variation due to seedlings origins, and presowing treatment effect on seedling growth (collar diameter and height) which exhibited significant differences were compared using Tukey's test at the 5% level. Pearson correlations matrix was calculated to check the relationships between geoclimatic data and seedling growth performance. For this purpose, the mean value of each character for each location was used. Age-age correlation was also calculated to establish an early selection procedure for conservation and sustainable use of genetic resources which will help in tree improvement program. Data were also subjected to principal component analysis (PCA) and cluster analysis. Principal component analysis (PCA) was carried out to find out important components which were correlated with other underlying variables of seedling growth of T. indica and environmental factors of the localities (seedling origins). Origin of seedlings similarities were measured using PAST software [28] through calculating Bray-Curtis similarity index based on shoot height and collar diameter. The scale of the similarity index is 0-1. The value of the index is "0" when there is no similarity among the seedling origins and the value of the index is "1" when the seedling origins are completely similar.
Results
In our previous paper, we discussed seed germination and found that there was significant difference of presowing treatment effect on seed germination but no significant difference of seed source variation on seed germination [4] .
Height Growth.
Height growth of the seedlings T. indica which originated from five different locations of Bangladesh, treated with four presowing treatments was measured at nursery stage during 12 months of the study (Figure 2 ). The result revealed that height growth was comparatively slow during October to May and then it started growing rapidly. Analysis of variance (ANOVA) showed significant difference ( < 0.05) of monthly growth on height during the experiment. Tukey's HSD test revealed that the mean monthly variation on height exhibited significant difference ( < 0.05) at all cases except the growth in December-January ( > 0.05) and March-April ( > 0.05). Analysis of variance also showed significant difference ( < 0.05) of seedling origins and treatment variation on height growth during the experiment. But there was no significant difference ( > 0.05) of interaction between seedling origins and treatment variation. Tukey's HSD test revealed that height growth significantly ( < 0.05) defer from seedlings originated from the seed of 22.67 ∘ N latitude treated with control to the T1  T2  T3  T4  70  71  72  73  74  75  76  77  78  79  80  81  82  83  84 seedling originated from the seed of 23.13 ∘ N latitude treated with cold water (4 ∘ C for 24 hours); seedlings originated from the seed of 22.67 ∘ N latitude treated with hot water (80 ∘ C for 10 min) to the seedling originated from the seed of 23.13 ∘ N latitude treated with control; seedlings originated from the seed of 22.67 ∘ N latitude treated with sand paper scarification to the seedling originated from the seed of 23.13 ∘ N latitude treated with cold water (4 ∘ C for 24 hours); seedlings originated from the seed of 22.67 ∘ N latitude treated with hot water (80 ∘ C for 10 min) to the seedling originated from the seed of 23.13 ∘ N latitude treated with cold water (4 ∘ C for 24 hours); seedlings originated from the seed of 22.67 ∘ N latitude treated with sand paper scarification to the seedling originated from the seed of 23.13 ∘ N latitude treated with cold water (4 ∘ C for 24 hours); seedlings originated from the seed of 22.67 ∘ N latitude treated with hot water (80 ∘ C for 10 min) to the seedling originated from the seed of 23.13 ∘ N latitude treated with hot water (80 ∘ C for 10 min); seedlings originated from the seed of 22.67 ∘ N latitude treated with sand paper scarification to the seedling originated from the seed of 23.13 ∘ N latitude treated with hot water (80 ∘ C for 10 min).
Diameter Growth.
Diameter growth of the seedlings of T. indica which originated from five different locations of Bangladesh, treated with four presowing treatments was also measured at nursery stage during 12 months of study ( Figure 2 ). The result revealed that diameter growth showed similar pattern like height growth. The growth was relatively slow during October to May and then it started quickly. Analysis of variance showed significant difference ( < 0.05) of monthly growth on diameter during the experiment. Tukey's HSD test revealed that the mean monthly growth variation on diameter exhibited significant difference ( < 0.05) at all cases except the growth in December-January ( > 0.05). Analysis of variance also showed significant difference ( < 0.05) of seedling origins on collar diameter growth but there was no significant difference ( > 0.05) of treatment variation and interaction between seed source and treatment variation on diameter growth during the experiment. Tukey's HSD test revealed that diameter growth significantly ( < 0.05) defer from seedlings originated from the seed of 22.67 ∘ N latitude to the seedling originated from other seed sources. But there was no significant difference ( > 0.05) of diameter growth of seedlings originated from the seed of 22.35 ∘ N latitude to the seedling originated from the seed of 24.37 ∘ N latitude; seedlings originated from the seed of 22.35 ∘ N latitude to the seedling originated from the seed of 23.13 ∘ N latitude; seedlings originated from the seed of 22.35 ∘ N latitude to the seedling originated from the seed of 22.82 ∘ N latitude; seedlings originated from the seed of 24.37 ∘ N latitude to the seedling originated from the seed of 23.13 ∘ N latitude; seedlings originated from the seed of 24.37 ∘ N latitude to the seedling originated from the seed of 22.82 ∘ N latitude; seedlings originated from the seed of 23.13 ∘ N latitude to the seedling originated from the seed of 22.82 ∘ N latitude.
Relationship between Geoclimatic Data and Seedling
Growth Performance. Correlation coefficient ( ) along with all probable combinations of variable "height growth" and "diameter growth" with geoclimatic data was summarized in Table 2 . Within the growth variables, height growth showed a significant positive correlation ( < 0.05) with rainfall, but there was no significant correlation ( > 0.05) between height growth and either diameter growth, temperature, or geographic location (latitude and longitude) of the seedling origins. Diameter growth also showed no significant correlation ( > 0.05) between diameter growth and either temperature or geographic location (latitude and longitude) of the seedling origins (Table 2) .
Age-Age Correlation.
The age-age correlation values ( ) with all possible combinations of variable height growth and diameter growth at 3-, 6-, 9-, and 12-month-old seedlings of T. indica were summarized in Table 3 . The correlations between Ht12 and either Ht3, Ht6, or Ht9 revealed increasing significant correlation ( < 0.05). Ht12 and Ht9 showed the highest positive significant correlation ( = 0.8334 and < 0.05). The correlations between D12 and either D3, D6, or D9 revealed increasing and significant correlation ( < 0.05) except the correlation between D12 and D3 ( > 0.05). D12 and D9 showed the highest positive significant correlation ( = 0.8028 and < 0.05).
Principal Component Analysis.
Principal component analysis (PCA) of the present study of height growth and collar diameter growth showed PC1 contributed to an appreciable variance (46.01%) and the difference of eigenvalue between PC 1 (2.76) and PC 2 (1.68) was quite high. Temperature, rainfall, height growth, and collar diameter growth were positively correlated with PC 1 (Figure 3) . On the other hand, latitude was positively and longitude was negatively correlated with PC 2 with a variance of 28%. conditions of its surroundings is predictable to be reflected in the genetic contribution of its various populations. Climatic factors, particularly rainfall, either yearly or entirety or in the seasonal allocation, were approximately consistently accompanied by dissimilarity in plant inhabitants [19] . Numerous studies have established huge variations in seedlings growth in response to different environmental conditions (light regime, water availability, and nutrient status) [29] [30] [31] . In the present study of T. indica, a significant seedling growth variation was observed. The study revealed significant difference ( < 0.05) of seasonal variation on height growth and collar diameter growth. Sharp height and collar diameter growth of seedlings during the period of JuneSeptember occurred probably due to sufficient precipitation which ensured seedling growth at nursery stages. Matin and Banik [25] discussed similar observations in forest tree seedlings like at nursery stages. Matin and Rashid [26] also found a significant difference of seasonal variation of height growth and collar diameter growth of Albizia tree like at nursery stages. Azad et al. [32] also reported significant difference of seasonal variation of growth performances of Acacia auriculiformis at nursery stages. As the experiment was conducted under similar environment, the variation based on height and collar diameter growth among the seedlings origin may be due to the genotypes. Liu et al. [33] mentioned shoot growth and diameter growth of seedlings are frequently as a consequence of evolved genetic responses to environmental stimuli. Zobel [34, 35] discussed about 30% of total plant genome which is dedicated to seedling growth and development. Krishan and Toky [36] discussed provenance variation of seedling growth of Acacia nilotica in India and found similar result. Rajawat et al. [37] and Kundu and Tigerstedt [19] reported significant provenance variation in seedling growth and survival rates of Azadirachta indica. Loha et al. [21] also discussed significant provenance variation on height growth and collar diameter growth of Cordia africana.
Relationship between height and collar diameter growth showed no significant correlations at nursery stage which suggested that shoot growth and diameter growth did not take place uniformly. Diameter growth reduced when height growth increased which recommended that appearance of inherited characters for collar diameter growth and development was species oriented. Besides these, crowding of seedlings at nursery bed may have a big consequence on collar diameter growth. Collar diameter growth and development appeared to be more susceptible to climatic factors than height. Loha et al. [21] suggested height growth can be much more important at the early stage than diameter growth. Langlois et al. [27] noticed significant correlation between seedlings growth and environmental variables among some conifer tree species. Kundu and Tigerstedt [19] also mentioned correlation between seedlings growth of Azadirachta indica among ten populations and geoclimatic data.
The correlations between growths traits (height growth and collar diameter) were increased from age 3 to 12 months. The increasing trends of the age-age correlations for the both shoot height and collar diameter signify the utilization of any of the juvenile characters for early selection of provenances for further testing. Nevertheless, involving the two juvenile characters, shoot height revealed more positive correlations with more developed character than that of collar diameter. This signifies that shoot height is a superior quantifier of clonal selection than collar diameter. The strong correlations between Ht9 and Ht12 (0.83); D9 and D12 (0.80) recommended that selection of clones 9 month following planting was reasonable for this species. However, Kumar and Singh [38] and Cundall et al. [39] mentioned that the age of early clonal selection should be adequate enough to attain a practical rank of accuracy in selection. Padua [40] reported similar result for Gmelina arborea after 72 months of the experiment. He mentioned that total height at the age of 9 months was feasible for clonal selection for the species. But he suggested that juvenile-mature correlation should be longer than 72 months for a comprehensive perception of clonal performance. Loha et al. [21] also found similar result of an experiment of 8 months for Cordial africana and suggested that early selection should be waited at least one-third of the rotation period for completion of analyzing data. Several authors also reported similar result for several species [39, [41] [42] [43] .
The outcome of PCA illustrated two separate groups of seedlings origins. PCA not only provided a visual demonstration of the relationship but also indicates which characters were the most vital in defining that relationship. Growth parameters and geoclimatic data were used for PCA analysis. In the present study, mean monthly rainfall, height growth, and collar diameter growth were the most important characters measured in PCA which defined drought as an adaptive trait in demarcation of T. indica seedlings originating from localities of Bangladesh. This result was also supported by cluster analysis (Figure 4) . Several studies on other species support the present results [19, [21] [22] [23] [24] [25] [26] [27] ]. ∘ N (Ban) were the most distinct from the rest of the seedlings origins because they possessed higher height and collar diameter growth. The seedling origin with similar height and collar diameter growth were positioned together. Since the environmental deviations were negligible for the experiment conducted under similar conditions, the observed growth performances (deviation among the seedlings origin) may be due to genetic reason. Genetic marker analysis of growth traits may provide greater insight to identify genetic variation within and among seedlings origins.
Conclusion
Evidence from this study indicated that growth parameters vary significantly throughout the year among the seedlings origins of T. indica in Bangladesh. Geoclimatic data were correlated with growth parameters. Among the tested T. indica seedlings, seedlings from 22.67 ∘ N latitude perform better those of others. Though there was no significant relationship between latitude and seedling growth, seed collection for either ex situ conservation or seedling production should be done from that area (22.67 ∘ N latitude), as they performed better. The existence of very strong age-age correlation between 9 and 12 months suggests huge advantages of early clonal selection. Stem height especially at the age of 9 months, seems to be a better indicator than collar diameter due to higher correlation with 12 months seedlings growth. Based on this information, early clonal selection of T. indica can be done at the age of 9 months.
